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ANALYSIS OF US ARMY AVIATION MISHAP INJURY PATTERNS 
by 

James E. Hicks, Ph.D., and Billy H. Adams MAJ Dennis F. Shanahan, M.D. 
Uirectorate for Aviation System Management Biodynamics Research Division 
US Army Safety Center US Army Aeromedical Research Laboratory 
Fort Rucker, hlabama 36362 Fort Rucker, Alabama 36362 

SUMMARY 

Recent advances in US Army procedures for the identification and 
reporting of personnel injuries resulting from aircraft mishaps are reviewed. 
Mishap injury data requirements based on the needs of retrospective and 
prospective analyses are discussed. 
support engineering management 

The requirement for these analyses to 
decisions that will implement remedial 

programs to correct identified crashworthiness deficiencies is discussed. 
This paper summarizes the US Army process for gathering aviation mishap 
injury data, describes modifications to procedures and codes for recording 
injury data, and provides examples of use of the data resulting in 
fleet-wide improvement programs. 

INTRODUCTION 

Since the earliest days of flight, it has been an inescapable fact that aviation 
mishaps will occur in spite of all efforts to the contrary. This statement is made not 
in an attempt to detract from the value of mishap prevention but to point out that man 

'is an inherently fallible creature, and he has endowed the equipment and the systems 
that he develops with the same fallibility. Efforts toward mishap prevention have 
reduced the US Army aviation mishap rate considerably over the last decade; however, 
t'lis rate appears to be plateauing toward a relatively constant value (Figure 1). 
Efforts toward reducing this rate must be continued, but realistically one must assume 
that the goal of a zero accident rate is not achievable. Furthermore, it is inevitable 
that crashes will occur as a result of enemy action in a combat environment. 
Consequently, to minimize these costs both in terms of materiel and personnel losses, 
it is vital to design crashworthy aircraft and effective life support equipment. 
Crashworthy designs are, in part, achieved through an understanding of injury 
mechanisms identified through mishap investigations. 

Numerous papers over the past 25 years have reported the incidence and distribution 
of injuries occurring in US Army aviation mishaps (1,2,3,5,6). Probably the most 
salient feature of this quarter century of tracking injuries is that the distribution 
and type of injuries have changed very little, with one important exception. Thermal 
injury as a cause of death in survivable accidents has been reduced from 41% in 1969 
(3) to essentially zero today (7,9) due to the introduction of crashworthy fuel systems 
in most US Army helicopters in the early 1970's. This rather dramatic achievement 
occurred through a process of identification and documentation of the problem (mishap 
investigations> which led to a practical engineering solution. Implementation of a 
"fix" normally requires a cost justification (i.e., cost analysis), but in the case of 
thermal injury the nature and severity of the problem was so great that little cost 
analysis was required. 

70 7; 72 _;, A ;s ?b A +a A L & 
CALENDAR Y&v7 

FIGURE l--US ARMY AVIATION MISHAP EXPERIENCE (CY 1970-CY 190i) 
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Although this example demonstrates the general. method of approaching iajury 
prevention, thermal injury was a rather obvious problem with fairly readily obtainabic 
solutions. Prevention of the most prevalent areas of injury, namely to the head, 
spine, and extremities (6) is proving to be a Ear more elusive objective. Solutions to 
these problems are requiring considerably more detail.cd and accurate data than has 
been collected in the past, and the cost effectiveness of proposed solutions must now 
be readily demonstrable in order to justify their implementation. Identification of 
mechanisms of injury and their relationship to life svpport equipment (LSEI, !..e., 
seats, restraints, helmets, have become primary concerns in the quest for means of 
preventing injury. Furthermore, since this is Sasically an cpidemiolnqical yiroblem 
requiring the compilation and analysis of relativei;y larye volumes oE data, tie da’ta 
should be readily reduced to a form that can be stored and processed by ccmputzr. 
Recognizing these problems, the US Army Safety Center (IJSASCI, together with the Armed 
Forces Institute of Pathology (AFIP) and the US Army Aerometiical Research Laboratory 
(USAARL), has developed a system of aircraft mishap injury investigation and analysis 
that will be described in this paper. 

OVERALL MISHAP INVESTIGA'JIION PROCESS 

Since 1978, the US Army has used a system :IP Centralized Mishap Investigation 
(CMI) wherein USASC provides investigators for t:~e majority of major aviation mishaps. 
The USASC maintains a number of investigatioli teams*; -ach coasisting of three members: 
(board president, air safety specialje:, and recordci:) . The team serves as the core of 
the investigation board and draws or; Local expertise and resources to conduct the 
investigation. This system of providing a highly cr:ained \lnd experienced team of 
investigators to direct the investiyatinn of most m;tjor mishaps has improved t hc 
overall technical quality of investigations by ins&ring ;I thorouqli and sta,ldarAized 
approach and uniform reporting methods. 

In 1979, through an agreement between USAX and At?'iP, AFIP began pi-oviding, on a 
time available basis, an aerospace pathologist to perfor!i~ the autopsies on fatalities 
in US Army mishaps. Since the inception of ~h6 program, AFXP has performed all but a 
few of the autopsies. This has vastly improved the quality of necropsy data because 
these aerospace pathologists are well trained in forensic methods, and they are 
particularly attuned to the determination ol injury ~l~Ci-i2~l~.~MP; derived not only through 
analysis performed at the autopsy table but also througk corrniation with the 
kinematics of the crash and damage to the aircraft and 1,SE. Before 1979, autopsies 
were performed by local hospital pathologists or medical examiners who may or may not 
have possessed the necessary interest OK training to perform a comparable quality 
investigation. The flight surqeon assigned to the mishap investiyatkon board assists 
the aerospace pathologist i.n his investigation and does ti simi.lar i.njury investigation 
on aI1 individuals who survived the mishap. 

As an adjunct to the onsite in-jury investigation provided by tile inves"cigai.lon 
board and AFIP, USAARL has established the Aviation Life Support Equipment Retrieval 
Program (ALSERP) which, by Army regulation, requires that all items of aviation LSE "ir: 
any way implicated in the cause or prevEntion of injury,' be sent to USAARL for detailed 
analysis (8). This program seeks to precisely define the effectiveness of I,SE involved 
it] mi.shaps by correlating damage to the 5c(uipmsnt with inji:r its !3r !.ack of injuries) 
2 '..'~ _ ocI_?r c;,?";. i;eiivcd from the f i e3.d invssti?ation CZ thhL p?rl.Lcul3-c mishap : This 
<iat:> e, ,zode;: - - Cl?:0 CLoLeCI in Cj C!OtP:.~i:L~.h? fur Lecer usw iii i.dejltifyinc- l.i:illldS or 
<.onsistent failute modes for various items of LSF,. Once pr~jblei,~a !:r:.t.h a particular 
piece of equipment are identified, recommenciations fcr c-hi. ~?~jcf j0 design criteria can 
be made. The major accomplishment of this program :c da?:: has been the identification 
of various failure modes of the current US Army avFnti.or. !:rI.m~t. wh(ch has, in parr,, * led 
to the drafting of new aviation helmet design criteria (4). ?‘!~l’s pr.lqt'ilm is also being 
used to monitor the functioning of energy-.ai:lso)rliaq s~.;<t clesi.qns which are current.ly 
being introduced to the fieid. 



As shown in Figure 2, this combination of centralized mishap investigation, 
central .ized postmortem examination of fatalities, and systematic analysis of retrieved 
LSE has vastly improved the depth and quality of injury investigation in US Army 
aviation mishaps through standardization of procedures for data collection and by 
using experienced and highly trained individuals in key positions. 
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AVIATION CRASH INJURY REPORTING SYSTEM 

The aviation mishap investigation process described above provides the overall 
framework for the identification and recording of aircraft crash injury information. A 
modified injury coding system has been developed to operate within this framework and 
orovide the necessary medical, engineering, and manaqement information to support 
L 

required remedies. Completed in 1981, the format and structure of this code' 
described below. 

are 

Overall Format of Code 

The proposed code is structured to include the four data fields shown in 
below: 

Table I 

Each one of the data fields will be described separately, after which an example will 
be provided which demonstrates use of all the data fields together. The proposed 
reporting system provides that each injury data field will be reported for each 
separate and distinct injury, cause factor as defined below. ___~ 

TABLE I 

OVERALL STRUCTURE OF PROPOSED US ARMY AVIATION MISHAP INJURY CODE 

lnformstian Prwided 

Medicat description of 

-I___ 

Physical process of injury 
occurrence 

Xniury Identifier _dI_ -~ 

The trauma incurred by each occupant is reported in terms of a medical description 
of the injuries and their individual severities. Injuries suffered by those requiring 
less than first aid are reported as "none." For others, the injury characteristics 
shown in Table II are reported for each distinct injury. 

Actual codes used for each of these data elements are available from USASC. A 
major departure from previous practice is the proposed identification of injury 
location in terms of the combination of an overall major body part, its aspect, and the 
system involved. T,4i s is in contrast to the common practice of a specific anatomical 
identification; This departure greatly enhances the usefulness of the coded data for 
Identification of remedial measures for most injury types. For certain exceptions, 

TABLE II 

Location of injury kqajer body region) 

f injured rztglon aifeatsd 

I 3 I Typei of lesion 
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provisions are made for more specific injury iocat icn idell”ification, Ai: this Writing, 
there are two exceptions anticipn%ed--the specific anatloinical part wi!l. bt: reported L’or 
(1) spinal injuries, and (2) [or head (skull) injuries. This is necessary iti i.he two 
cases listed in order to A(>tcrminl! t:hc spaci I’ic remFdiaJ rneasurcs need~J, 

_Injury Mechanism --__I_ 

The mechanj.sm of injury occurrence is used to describe Lhe physica?. process through 
which each injury occurred. The injury mechai:ism is coris:-.ruc:tcd ii1 ;.i s!lb-iect.-verh- 
qualifier format. Two data elements iire use&--.tht Irechaniam actjon i “verb” 1 and the 
mechanism qualifier. The injury local ion (body part: provides the: r,uiiject. Thus / a 
simple sentence is formed from st;ndalJized codes ilo describe iile i?-iuiy illc~cIii;Ili,sn~ such 

as spine (L-1) “received excessive vertica7 cor<i;, ” Mul CL-i/car stufi~es of avj.arion 
inJury patterns were used as the basis for sc:i.ocl; eon of the parl;icuJ.ar: mechanisms to bc 
included in the lists of codes. in attempi was made to balance the requirement for 
mechanism specificity with needs oE engineering analysis. An overly deLailed code .1__ 
hampers tbe identification of corrective actions. 

Injury Cause Factor _I-- 

The injury cause factor is identified as t!l?t ilnderLyj.nq defi cier?cy !or 
deficiencies) which permitced or cause<1 the mechanl sm to oczilc . In-jul:v i’Cfusf2~ are d' 
identified primarily in terms of hazarda as~w~iz!%ed with 'LhC! AC.ji<J? <>f Ki!e dircrfift or 
life support equipme:lt (such as “seat a 3.3 oVrec1 eIC:eEjH j.ve loi:di rig ‘, ! ~ Operai:ionnl. in2ury 
causes are al-so included such as “fai J.ed to use restraint ~y:;cem ” 

The injury cause factor is constructed in a subject-ver:> qua.li.fier Ecrmat in a 
manner similar to that used for the mechanism above. ‘7 11 il :; , the 1:ljury c;s..usC !.Sj formed 
in a simple sentence from standardized codes, 

Injury _ Cost 

IJS Army Regulation 385-40 (10) establishes the economic impact. of various injury 
severity levels based on lost workdays, restrictions from duty, and other similar 
considerations. Estimates of the cost of ea.ch indivj.d~,r:?. injury suffered by each 
casualty are computed according to these figures and pi’cjezt ions by t-he f.1 ight surgeon 
regarding the prognosis for recovery. InjuTy costs ,abe calcniatcd by CJSASC personnel 
based on data provided by the fi.eid investigari.on. The r’.echnique far calcul.ating 
injur:y cost insures t-hat each distinct injury IS “weiyhtcd” accord?.rq u.2 its individual 
severity. The stum for any casualty of the weighted costs for al.1 in.i.Ji. ie3 is equal to 
the overall cost for that individual. 

wo+-hetical.29la of Use of T&eLduu Code -P-~ 

The above components of the injuLy code are establi.shed for csch distinct injury 
suffered by each injured occupant, “Distinct” i.njuries are defined as those ia) with 
different cause factors, or (b) occurring to different major body regions. 7 h i s 
information provides a description oi the injuries, causes, and costs in ,i iForrilat and 
LeveJ. of detail which facilitates analysis of c r i. ‘1 i u it 1. t I.-e n d G I ‘T!XJ 3 , iii injury code 
ziich as I.he hypothf:Cical example s’lotin in Tah!.e 1II below:: j.s es;:ahlic:,eci for eac:!l 
C.-e S II a 3. t y I 



pat-terns indicated that the initial corl<~ Iackcd suf Cicic~nt specificity in these two 
hody regions, and the code has been modified accordingly. Evaluations have indicated 
that the proposed code requires more injury data than the previous system but that the 
data should be generally available within a mishap investigation. 

Results indicate the code provides detailed information regarding injury 
mechanisms, causes, and costs. This information permits critical cause factors to be 
rank ordered according to the severity of their effect over selected time periods. 
This data provides vital management information regarding the need for remedial 
programs. III addition, the injury causes are described in a format and terminology 
which facilitates engineering solutions. 

CRASI1 HAZARD ANALYSES 

RETROSPEC’PIVE ANALYSES 

Two levels of retrospective analyses of crash injury have been performed by the US 
Army, The first used the coding system described above to identify crash hazards in US 
Army aircraft. It was envisioned that a primary output of this effort would be an 
improved direction for crashworthiness research and development including the 
identification of follow-on research required to define specific design criteria 
changes necessary to reduce the identified hazards in current and future aircraft and 
LSE. 

Analyses of this type have been completed for three types of Army aircraft; a 
medium iift cargo helicopter, an observation helicopter, and an attack helicopter 
flO,ll,l3I. An analysis of a utility helicopter is ongo;ng and is scheduled for 
completion during the coming calendar year. The most significant results of one of the 
crash hazard analyses are discussed below. Emphasis will he placed here on those crash 
hazards associated with excessive linear acceleration. Supportive information, such as 
crash impact signatures, will also be provided and related to the injury causes. 

Components of Change in Impact Velocity 

Figure 3 shows the longitudinal and vertical components of the change in velocity 
of the aircraft center of gravity during its major impact for each of the accidents 
studied. The resulting impact survivability is indicated. 

100 1 
90 

c 

CHANGE IN HORIZONTAL VELOCITY (FT'SLC) 

FIGURE 3--VERTICAL ANI) HCRIZONTAL COMPONENTS OF IMPACT VELOCITY CHANGE 

Estimated curves for the 95th percentile impact and for the 95th percentile 
survivable impact are superimposed on the individual data points. 
survivable impact curves indicate a "design space" 

The 95th percentile 
___~__ 

zi-,;I 5: design. 
for improvements within the existing 

The 95th percentile impact is analogous information which may be 
userul for design and evaluation of crashworthiness features in future helicopters of 
similar type. This distinction is made because the strength and crushability of the 
ehisting airframe forming the "container' for the occupants limit the improvements 
which can be reasonably proposed for the current aircraft. However, for new aircraft 
designs, this limitation is not as severe due to potential improvements in the 
container itself. TtlUS, crashworthiness improvements for future helicopters should be 
based on what impacts are expected (such as the 95th percentile impact curve) and not 
on what impacts were survivable in current aircraft (the 95th percentile survivable 
impact curve). 
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Influence of Impact Conditions on Iniury - 

The strongest influence of impact conditions on injuries was the relationship 
between vertical velocity change and spinal injuries. Figure 4 depicts the relative 
frequency of back injuries versus impact vertical velocity change. This data indicates 
that significant numbers of back injuries occur even in impacts of less than 20 feet 
per second vertical velocity change. Analysis of these individual cases revealed other 
factors had significant influence on these low impact cases. These other influences 
included the longitudinal and lateral components of the impact velocity and the 
occupant's seating position at the time of impact. However, the strongest influence is 
shown to be the vertical. velocity change. Increasing proportions of all occupants 
receive spinal injuries as impact exceeds the reserve energy sink speed of the 
aircraft's landing gear (8 feet per second) s These results indicate that ground impact 
loads are transmitted with little reduction through the Cuseiage and seat to the 
occupants. 

0- --T- 
I_T--, 

10 30 -19 
Vertical Velocity-ton 

RICuRS ~--RELATIVE FREQUENCY CR SPINAL INJURIE S VERSUS CHANGE IN VERTICAL VELCCITY 

Figure 5 indicates the relative frequency of spinal injuries versus the vertical 
component of the peak impact forces (calculated at the center of gravity). Again, this 
data indicates significant numbers of back injuries occur in relatively mild vertical 
impacts. This data supports the conclusion that other factors (such as seating 
posture) have significant influences on spinal injury in even very low vertical impacts 
(such as less than 10 G's peak). This is important because most spinal injury models 
consider only the vertical impact component. In addition, this data supports the 
conclusion that after landing gear collapse, ground impact loads are transmitted 
directly with little attenuation ta the occupants. 
the airframe and seat results in 

This lack of energy absorption by 
2earl.y 504 of all occupants receiving spinal injur'ies 

at peak crash loads of 15 G. 

FIGCRP 5--RELATIVE FREQUENCY OX' SPl.MAL INJURIES ‘,'ER%US VERTICAL FORCE 
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Figure 6 depicts the frequency of occurrence and cost associated wit!i the most 
prevalent crash injury mechanisms identified for the sirsraft study. All accidents, 
regardless of survivability, and all injuries, regardless of severity, are included in 
Figure 6. A breakdown of the more significant injury mechanisms by underlying cause 
factor is discussed below. Figure 6 indicates that the most frequent injury mechanism 
was determined to be '*body struck structure" while the mechanism resulting in the . 
largest injury cost was "body received excessive decelerative force." After these two, 
the mechanisms of "body struck by external object" and "body exposed to fire" produced 
the next largest frequency and cost of injuries. 
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FIGURE 6--FRE@JENCY AND COST OF INJURY MECHANISMS 

caz:+‘r‘ ~acrtors Producinq the PIechanism I' E--_l.i_l- _I_-_ R&.Received Excess Force" _-____ .l_l_-__ 

"he engineering factors which caused the 55 instances of the mechanism "body 
received exee+:sive decelerativc force' are shown in Figure 7. This data indicates that 
a large majority of the instances and the associated costs of these injuries were 
caused by the airframe and seat allowing excessive loading of .the occupant, i.e., 
during ehe major impact the aircraft and 
which were bey:nd human tolerance ~ 

sect transmitted peak forces to the occupant 
The energy absorption of the landing gear, 

airframe, and seat failed to protnct these occupants, 

Loading Leading 

CeoeFactors 

FIGURE 7--FREQUENCY AND COST OF CAUSE FACTORS RESLILTIEU'G IN 
"BODY RECEIVED SXCESSIVE DECELERATION FORCE" 
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that USAARL send an individual to the scene of a mishap, but that capability exists and 
is used on occasion when the situation warrants. Medical information gained from these 
studies is provided to USASC and incorporated into the injury data reporting system 
previously discussed. Proposals have been made to give this program regulatory 
authority by revising appropriate regulations. 

Since these prospective studies are just beginning, their full impact is yet to be 
determined. However, this method was recently used during the investigation of a 
UH-COA Black Hawk mishap wherein a specialized team was sent to the mishap site to 
assist in the injury investigation. As a result of this investigation, valuable 
information on the functioning of the energy-absorbing se.>ts installed in this 
helicopter was collected and certain actual and potential failure modes were identified. 
Continued detailed investigations will be required to assemble the necessary data to 
optimize these energy absorbing seat designs. 

REMEDIES RESUL,TING FROM USE OY CRASH DATA 

The crash injury reporting system discussed here was developed with the objective 
of not only identifying hazards, as discussed above, but also providing appropriate 
justification of needed remedial actions. The current austere funding environment 
makes the conservssion of US Army personnel assets more important, but it also reduces 
the resources .~~:~~1;.~ble to aid in this conservation. Any program to improve the crash 
survivability L;5 Army aircraft must compete for funding with all other programs. 
Priorities of all funded programs are generally established based on their impacts in 
the areas of cost and operational effectiveness. Thus, the crash injury reporting 
system is designed to provide output in these management terms. It must be pointed out 
here that analysis or discussion of the need for eliminating or minimizing a particular 
hazard to human life would be meaningless based solely on economics. For example, the 
basic need for aircraft crashworthiness cannot be analyzed adequately on the basis of 
the economics of crash injury alone. 

However, assuming that a decision has been made that a particular hazard is to be 
controlled, then the next stage in the process regards the selection of the optimum 
method and hardware for actual.ly doing the job. This is the point where the economics 
of personnel injury, i.e., cost effectiveness, should enter the decision process. This 
is due to the fact thai the maximum overall reduction in hazard level is desired, but 
the resources available are usually limited . 

The concept of cost-effectiveness can be readily used here to determine the optimum 
system configuration(s) by spotlighting that system which will provide the greatest 
a-el.s;!:ive benefits per dollar of expenditure. L. The emphasis here is on relative benefits 
s+ :zo an absolute, complete value for the monetary advantages of a particular change 
canifot be calculated whenever human life is invclved, These advantages are known only 
relative to those of alternate system configurations. Thus, the J.njury reporting 
system discussed here was designed to provide injury cost data which could be used to 
either substantiate the need for a remedial action or select an optimum remedy from a I_- 
see of available alternatives. 

VERTICAL IMPACT VELBCITLES 
FOR SURVIVASLE HELICOPTER CRASHES 

% Existing Landing Gear Capability 
j, Ranga of Proposed Protection with 

Improved Seat Design 

Vsrticsl !mpact, 
Velocity, 
(Ft/Sec) 

Percent 

FIGURE 9--CUMULATIVE FREQUENCY OF OCCURRENCE 
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DEFINITIONS AND TERMINOLOGY 

Aircraft Mishx --~_- - An unplanned event that results in aircraft damage, personnel 
injuries, or makes further continued flight impossible or inadvisable. Damage as a 
direct result of hostil e fire is not a mishap but a combat loss. 

:Irash Force .- The maximum value of an assumed triangular crash pulse, determined 
a;r t%e aircrax center of gravity, which occurs during the major impact. 

Crash iiazard - A condition due to the design or configuration of an aircraft or 
lifasupport equipment which may result in injuries to occupants in aircraft 
accidents. 

Crashworthiness - The ability of a vehicle to suEti.in a crash impact and reduce 
occusinjury =.ld hardware damage. 

Hazard Frequency - The frequency of occurrence of injuries resulting from a 
partz;:ular crash :lazard. 

H.azcrb Seer it y - The severity of the worst credible injury resulting from a 
pa;_TGu?a!rcrash hazard. 

Hairard Cost - ‘?hc suin of the costs of all injuries 
--T--- resulting, from a particular 

cras:l haza: .n 

In+!;r:~ Cause Factor _..f___' I_ - The design deficiency which caused a specific injury 
~.I+c .ani :rn to occur 1 

In::ry Costs - The economic effect cn the operational readiness of the Army due 
:.o aZZenta1 injuries to servicemembers as calculated according to Reference 121. 

Injury Mecha.i;ism -' Thr. mechanical process through which a specific injury was 
determined to hGe?ccurred, i.e., "what happened." 

Mzicr Impact - That impact of the aircraft which results in the largest 
‘decelei~"ive forces being transmitted to the aircraft and occupants. 

Survivable Accident - An accident in which the following statements are satisfied 
for a,: least one occupant aboard the aircraft: 

a. The forces transmitted to the occupant through his seat and restraint system 
do not exceed the limits of human tolerance to abrupt accelerations. 

b. The fuselage structural container maintains a livable volume around the 
occupant. 
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Nonsurvivable Accident - An accident in ivhich neither of t-he above statements is 
,~irtiGTiC?~~~r~~i--occuF)r?nt~: aboard the aircraft. 

Partialllt Survivable Accident - An accident in which both survivable and ____ ---_-~-i-?-_‘ 
nonsurvlvable occupant posltlons exist. 

Velocity Change - The change in velocity of the aircraft CG during the major 
impact . 


